We demonstrated that mutant RNAPs with substitutions of a conserved R339 residue in β' SW2 cannot initiate RNA synthesis in the absence of a primer, have increased apparent K M values for initiating substrates and do not efficiently melt downstream edge of the transcription bubble in promoter complexes. To test whether these defects can be overcome by artificial melting of downstream DNA, we analyzed transcription by the wild-type and R339A mutant RNAPs on a T7A1 promoter template in which the region encompassing -12 to +3 positions around the transcription start site was artificially melted (Fig. S1 ). The non-template DNA strand in the upstream part of this region is specifically recognized by the σ initiation factor and was designed to have the wild-type sequence, whereas the template strand sequence was altered. The template DNA strand at the downstream edge of the transcription bubble (positions -1 to +3) is placed into the RNAP active center during initiation and was not changed, whereas the nontemplate strand sequence was altered.
mutant RNAP (73 µM) was 1.6 times lower than the corresponding value measured on the double-stranded promoter (121 µM). Thus, premelting of the promoter region had no or weak stimulatory effect on the 3'-UTP binding by the mutant RNAPs but impaired function of the wild-type RNAP. This may indicate that artificial strand separation results in similar defects in the template strand positioning as substitutions of R339. In support of this hypothesis, the presence of the dinucleotide primer CpA, which likely stabilizes the template strand conformation, decreased the apparent K M values for 3'-UTP for all RNAPs to similar level (5.5, 5.6 and 4.0 µM for wild-type, R339A and R339E RNAPs, respectively, Table S1 ). The apparent K M values for CpA were decreased about 2-3 fold for different RNAPs on the bubble promoter relative to the double-stranded template, indicating that strand separation slightly stimulates primer binding.
It should be noted that, despite leading to defects in the 3'-initiating UTP binding, promoter premelting facilitated transcription initiation and allowed for the synthesis of abortive RNAs by the mutant RNAPs (Fig. S4 ). These observations indicate that, in contrast to the double-stranded promoter, defects in the initiating substrate binding (manifested in the increased apparent K M values) do not prevent transcription initiation on the bubble template, at least under the conditions of our experiments. This may be explained by the absence of complementary interactions between the two DNA strands at the downstream edge of the bubble. On the double-stranded promoter, these interactions would likely interfere with initiating nucleotide binding, especially for the mutant RNAPs that cannot stably open the promoter at its downstream edge. The observed differences in the properties of the double-stranded and bubble promoters should be taken into account in the future studies of transcription initiation utilizing premelted promoter templates. Table 1 ).
Fig. S1
. T7A1 promoter templates used in this study. For each promoter, region from -46 to +20 relative to the transcription start site is shown. The -35 element is shown in turquoise, the -10 element is red. The nontemplate nucleotide at the +1 position in the wildtype promoter is bold italics. Nucleotide changes in the T7A1 bubble promoter relative to the wild-type promoter are underlined. Nucleotide changes in the T7A1cons promoter are bold underlined. Fig. 1 . The B-reader of TFIIB is shown in yellow; amino acid residues whose substitutions alter the transcription start site position (Q62, W63, R64, F66, R78 and V79 in S. cerevisiae TFIIB, see references in (1)) are shown in brown as CPK models. S77 in the B-reader loop that corresponds to S65 in the human TFIIB, phosphorylation of which was shown to be required for efficient initiation (2) , is shown in light yellow. Deletion in the reader loop in the Pyrococcus furiosis TFB that was shown to impair downstream promoter melting (1) is in green. SW2 residues K332 and R344 whose substitutions were shown to change start site selection by S. cerevisiae RNAPII (3) are shown in black as stick models. R337 in SW2 corresponds to R339 in E. coli RNAP. (B) Structure of the T. thermophilus RNAP holoenzyme (4). The view corresponds to Fig. 1D . Region σ 3.2 is in yellow; deletion ∆513-519 is in green.
